Despite being the fourth largest island in the Mediterranean basin, the genetic variation of Corsica has not been explored as exhaustively as Sardinia, which is situated only 11 km South. However, it is likely that the populations of the two islands shared, at least in part, similar demographic histories. Moreover, the relative small size of the Corsica may have caused genetic isolation, which, in turn, might be relevant under medical and translational perspectives. Here we analysed genome wide data of 16 Corsicans, and integrated with newly (33 individuals) and previously generated samples from West Eurasia and North Africa. Allele frequency, haplotype-
in Corsica is attested in the Neolithic period since the 6 th millennium BC. From this period interactions with mainland and other islands are illustrated with wider appearance of non-local lithic resources and development of similar ceramic traditions over a larger Western Mediterranean region 6 .
In the last three millennia, the Corsican population witnessed several dramatic reductions of population size due to conquests, epidemics outbreaks and economic crises. The Greeks established the city of Alalia (today Aleria) in 565 BC, which is also the first mention of Corsica in historical records. Subsequently, it witnessed Previous genetic studies on Corsican population have shown regional differentiation [8] [9] [10] [11] , such as a marked North-South differentiation, confirmed by surname and linguistic studies 12 , and mirroring the geographic features of the island.
Despite their geographic proximity, different surveys based on unilinear and autosomal markers have produced contradicting results in characterizing the relationship between Sardinia and Corsica. Some studies have found genetic affinity between the two islands 8, 9, [13] [14] [15] , while conversely, some have suggested genetic distinction 10, 11, 16, 17 . Furthermore, the extent of genetic relationship with mainland populations is controversial. Close genetic connections have been observed between Corsica and continental Mediterranean populations 10, [17] [18] [19] , whereas other studies have reported limited genetic influences from mainland 9, 11 . Some studies have pointed out that different regions in Corsica have received genetic influences from distinct sources, showing diverse affinities with surrounding populations 8, 11 .
Regardless of its genetic affinity, it is unclear to what extent the Corsican population shows a signature of demographic bottleneck or population decrease, as expected in a long-term isolation scenario. Previous studies have demonstrated that isolated populations are valuable resources in genome-wide association studies. In geographically and/or culturally isolated conditions evolutionary forces and population dynamics can lead to the high level of homozygosity, reduced genetic diversity and increase in peculiar allele frequencies, which makes easier to trace genetic variants affecting medical or phenotypic traits 20 . Sardinia is a well-known example (see for instance 21 and references therein). Preliminary studies have suggested Corsican potential in these investigations: an analysis on chromosome X microsatellite markers demonstrated an overall LD decrease in the innermost part of Corsica 22 and some medical and association studies have been conducted on Corsican population 23-25 . However, it was pointed out that caution should be taken in making general assumptions 22 , underlining the importance of characterising the population under investigation before designing and planning of gene association studies 26-28 .
Despite its anthropological and epidemiological relevance, a genome-wide characterisation of Corsican population is not available so far. The aims of the current study were to explore the internal genetic structure of Corsicans using the genome-wide data, and to assess the genetic relation to neighbouring modern and ancient European populations. In doing so, we have genotyped 16 Corsican samples collected from different locations of the island. To better contextualize our results, we have additionally genotyped 33 new samples from Portugal, France and Italy and combined this newly generated data with 892 modern and 222 ancient Eurasian and African genomes from previously published sources ( Supplementary Table S1 ).
Results

Population Structure
To explore whether Corsicans, as insular population, display characteristic traces of isolation and endogamy in their genomes, we assessed Runs of Homozygosity Table S2 ).
To evaluate the genetic affinity between Corsica and neighbouring populations we carried out f3-statistics analysis. Outgroup f3 statistics measures the amount of shared genetic drift between two populations from an outgroup 34 . The results showed high affinity of Corsicans with Sardinians and French Basques, followed, as with the ADMIXTURE and F ST analyses, by Northern Italians and a series of mainland European populations ( Supplementary Fig. S3A ). The tests of admixture based on the f3 statistics revealed an overall complexity in the admixture history of Corsica.
Out of 2,652 tests performed, 18 were statistically significant ( Supplementary Fig.   S3B ), and most of them described Corsica as a combination of Sardinian and Caucasus/Northern European contributions. Moreover, six tests including populations from North African/Arabia and one from Northern Europe were statistically significant.
Haplotype-based analyses
We inferred the fine-scale population structure harnessing the haplotype-sharing patterns among individuals. In detail, using ChromoPainter we reconstructed each analysed individual j as a mosaic of genomic fragments inherited by n donor samples 35 . The resulting i x n coancestry chunkcount matrix was then employed to identify and characterise the homogenous groups of individuals, in the form of a dendrogram. fineSTRUCTURE clustering results together with the ChromoPainter coancestry chunkcount matrix were subsequently used to identify, date and describe admixture events with GLOBETROTTER 36 .
The complete fineSTRUCTURE dendrogram is represented in Supplementary Fig.   S4 , together with detailed chunkcount coancestry matrix ( Supplementary Fig. S5 ) and pairwise coincidence matrix ( Supplementary Fig. S6 ). For simplicity, we assigned a name to the clusters summarising their composition, reported in Supplementary Table S3 . All together, we identified 85 homogeneous groups, with a broad correlation with geographic origin of samples. Specifically, West Eurasian subjects grouped into 38 clusters, for which six macrogroups may be identified ( In order to explore the relationships between populations, we performed a Principal Component Analysis (PCA) based on the chunkcount coancestry matrix. The first two PCs explain a large proportion of the total variance (55% and 19% respectively, To estimate the admixture history of Corsican population, genetic clusters defined by fineSTRUCTURE were used to perform analysis with GLOBETROTTER 36 . We focused on Western Eurasian clusters composed by more than five individuals. As geographically close populations tend to share recent ancestry and distant genetic contacts may be masked, we performed two different GLOBETROTTER analyses, "full" and "non-local", as previously reported 37, 38 (Fig. 4 , Supplementary Fig. S7 and Table S4 ). The "full" analysis considers all samples as possible sources, while "nonlocal" excludes Southern European clusters as donors. In both the analysis, a single admixture involving more than one source was identified for the main Corsican cluster. This admixture involved North and West Europe and Levant/North African sources, and occurred between 37 and 76 generations ago, a time period spanning the fall of the Roman Empire and the invasions by Barbarians and Saracens.
In the "full" analysis, the admixture sources included Sardinians, NorthCentral Italians, Spanish and Sicilians ( Supplementary Table S4 
Ancient contribution in Corsica
In order to understand how Corsica and neighbour populations are related to groups that occupied the continent in the last ~10k years, we have performed a Principal 
Discussion
Despite being the fourth largest island in the Mediterranean basin, the genetic variation of Corsica has not been explored as exhaustively as Sardinia 41 , which is situated only 11 km South. However, it is likely that the two populations have shared at least part of their demographic history, given their geographic proximity and similarities in the archaeological records. In addition, the relatively small size of Corsica may have contributed to create isolation conditions affecting the genetic variability of the autochthonous population 22 .
Our analysis revealed that Corsican population shares several genomic features with Sardinia and North-Central Italy, creating a unique blend of genomic ancestries ( Figs. 1-3 ).
The Corsican population shows a relatively high homozygosity characterised by high variance, suggesting that it witnessed both an isolation and migration phase. A similar pattern has been observed for Sardinians ( Fig. 1 ). This result confirms the importance of Corsican population as a valuable resource for association studies.
Allele frequency-based assignment algorithm and genetic distance methods showed that Corsica is genetically more related to mainland populations from France, Italy, Spain and Greece rather than Sardinia (Fig. 2, Supplementary Fig. S1 , Supplementary Table S2 ). In contrast, the f3 outgroup analysis suggested that Corsica shares a high amount of genetic drift with Sardinia and Basque, followed by North Italy (Fig. S3A) .
In order to better characterise the genetic relationship of Corsica with other Mediterranean populations we have harnessed the information embedded in haplotype configurations. The analyses of the haplotype sharing patterns performed using ChromoPainter and fineSTRUCTURE provided substantial evidences of higher affinity between Corsica and Central or Northern Italian populations rather than Sardinian, French and Iberian populations (Fig. 3) . In fact, most of the Corsican individuals tested fall in a homogenous cluster closely related to North and Central Italy. On the other hand, a small proportion of individuals are closer to French and Iberians, suggesting the existence of substantial heterogeneity possibly due to recent migration, as confirmed by RoHs analysis (Fig. 1 ).
0
When we investigated admixture evidence of Corsican population through f3 analysis, Corsicans could be described as a combination of allele frequencies from Sardinia, Northern Europe, Caucasus, North Africa and Arabian Peninsula (Fig.   S3B ). A similar result was obtained when haplotypic patterns were explored ( Fig. 4 , Supplementary Fig. S7 and Table S4 ). Corsicans fit a scenario of admixture involving more than two sources related to Southern European, Western European and Levant Arabic populations which occurred ~60 generations ago, in a similar time frame inferred for Sardinians, although the large confidence intervals associated with the analysis make the overall interpretation challenging. Nevertheless, similar source compositions have been inferred not only for Sardinians, but also for North and Central Italians, suggesting that similar processes may have impacted the Mediterranean basin. In detail, we inferred that admixture events involving Southern
European samples occurred about between 37 and 76 generations ago, a time period spanning the fall of the Roman Empire and the invasions from Barbarians and Saracens (Fig. 4 ). These estimates are in accordance with those inferred in previous investigations for a sub-sample of circum-Mediterranean populations 36, 37 .
Lastly, we have evaluated the genetic relationship of Corsica and other Mediterranean populations with ancient Eurasian individuals through PCA and qpAdm ( Fig. 5 38, 42 . In fact, we have found a similar proportion of Steppe Bronze Age (~19%) and Iranian Neolithic (~14%) in Corsicans.
In conclusion, the genetic characterisation of Corsica is consistent with a closer genetic affinity with Northern and Central Italian populations rather than Sardinians, although sharing with the latter a noteworthy proportion of ancestry and similar demographic and isolation processes. The analysis of larger sample sizes from different regions of the island and genetic material from ancient specimen may help to further evaluate the existence of genetic structure in the island and its demographic history.
Materials and Methods
Sampling
A total of 49 DNA samples were genotyped for the current study. Sixteen Corsican samples from different locations were selected for genotyping from a larger dataset based on DNA quality criteria and have been analysed previously in Y-chromosome surveys 11, 43, 44 . To extend the comparative dataset, additional samples were involved: Table S1 ). The merged dataset was preprocessed with PLINK v1.9 47 Supplementary Table   S1 .
Runs of homozygosity
Runs of homozygosity (RoH) were inferred using PLINK v1.9 47 , with sliding window of 50 SNPs (5,000 kb), allowing for one heterozygous and five missing calls per window. RoH were defined as regions of at least 50 consecutive homozygous SNPs spanning at least 1,500 kb, with a gap of less than 1,000 kb between adjacent regions. The required minimum density was set at 50 kb/SNP 30, 49 .
ADMIXTURE
Maximum likelihood unsupervised clustering algorithm implemented in ADMIXTURE 33 was used to infer putative ancestral components in the Corsican population in a worldwide context. Clustering was performed 100 times at K=2 to K=15 ( Supplementary Fig. S1 ). Convergence between runs was assessed using loglikelihood scores (LL). According to a low level of variation in LL scores (LLs < 1)
within the top 10% fraction of runs with the highest LLs, the global maximum was assumed to be reached at K=2 to K=6, K=9, K=11 and K=13 ( Supplementary Fig.   S2B ). The lowest cross-validation (CV) index, which points to the predictive accuracy of the model at a given K, was observed at K=6 ( Supplementary Fig. S2A ).
F ST
Mean population pairwise F ST were calculated according to method of Weir and
Cockerham 1984 50 using a R script as in 51 . Table S1 ). The outgroup f3 test of the form f3(Corsicans, X; Yoruba) was implemented to measure the amount of shared drift between Corsicans and other populations, with the Yoruba population from Nigeria being set as the outgroup. To test for evidence of admixture in the Corsican population as target, standard f3 statistics were computed using the test configuration f3(Corsicans; X, Y). Negative values of f3 statistics with z-score below −3 indicate statistically significant admixture in a target population.
ChromoPainter and fineSTRUCTURE
The haplotype-based structure of Corsicans and other European populations was explored by applying the ChromoPainter/fineSTRUCTURE pipeline 35 . First, genotype data was phased with SHAPEIT v.2 52 ChromoCombine. The obtained chunkcount coancestry matrix was harnessed to identify homogeneous groups of individuals using fineSTRUCTURE. In detail, two different runs of 4,000,000 iterations were performed, discarding the first 1 million as burn-in and using a thin interval of 10,000. For each of the clustering approaches, a hierarchical tree was inferred by taking advantage of the "Tree" method and the "maximum concordance state" approach, performing 1 million iterations. In order to assess the robustness of the clustering process, the pairwise coincidence statistics among individuals was evaluated ( Supplementary Fig. S6 ).
PCA
Principal Component Analysis (PCA) was carried out using coancestry matrix of coping vectors created with ChromoPainter. On the whole, 624 samples were used, including all samples from European, Caucasus and Anatolia and the sub-set of Near Easterners, that on fineSTRUCTURE tree ( Supplementary Fig. S4 ) formed a sisterclade of the European cluster.
GLOBETROTTER
The time of admixture and mixture profile were estimated for all the previously inferred clusters (targets) using GLOBETROTTER 36 . In detail, the painting profile 
Projecting ancient Europeans into modern Eurasian variation
In order to contextualise the genetic variation of modern individuals in a European pre-Iron Age context, a PCA analysis was performed in which the ancient genotype data were projected into the PCA inferred on modern Eurasians (Fig. 5A ). For ancient samples, genotype data released by Lazaridis et al. 2017 54 and Olalde et al.
2018 55 were used, from which non relevant individuals and all the samples with more than the 70% of missingness were removed. After the final filtering 222 samples were retained ( Supplementary Table S1B ). For modern samples, 568 West Eurasian Individuals were retained. In order to prevent the shrinkage bias in ancient individuals, the "autoshrink: YES" option was used.
qpADM
The admixture profile of all the analysed populations was reconstructed with qpADM 39 , which harnesses a combination of f4 describing the relationship of "target"
and "sources" with a set of outgroups. In detail, the reconstructed admixture profile of each target used any possible four-member combination drawn from a list of putative sources. As a preliminary step, qpWave 56 was used if: a) the tested sources were significantly different and b) the target may be reconstructed using a specific combination of sources. A p-value threshold of 0.01 was used, as well as the following set of sources ( Supplementary Table S1B All the tests for which the fitted model was supported were shown in Supplementary   Table S5 .
Data Availability
The data for 49 sequences generated in the current study are available in the NCBI-GEO repository through accession nr. GSE129663 and on the Estonian Biocenter website ebc.ee/free_data. 1 
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Figure Legends
The full fineSTRUCTURE tree is shown in Supplementary Figure S4 . 
